This study was envisaged to map the coconut growing areas in Kerala state of India, using multidate NDVI obtained from sentinel 2A MSI data, having spatial resolution as 10 m. 95% Cloud free satellite images were taken for classification and date of pass considered for the study were 16 th February, 2017 and 18 th December, 2017 for Kozhikode district of Kerala. In this study biowindow of coconut plantation was identified using NDVI images of two dates. It was observed that interclass variations were more prominent in February image. Forest, dense and moderately dense coconut plantations have significantly different NDVI values in February image whereas in December image all three features have similar values. Hence, February image was classified using three classification methods i.e. ISODATA, maximum likelihood and random forest classification to assess which method is better to distinguish coconut plantation from other classes. Random Forest classification technique was found to be more accurate in identifying coconut plantation. Area was also estimated for Kozhikode district and compared with the government statistics. Google Earth was taken as reference to identify coconut plantation as it has a unique star shaped canopy, which is clearly visible in highresolution imagery.
INTRODUCTION
The Coconut Palm (Cocos nucifera L.) is the primary member of the family Arecaceae (palm family). It is an important horticultural tree crop of humid tropics. Coconut is a versatile fruit with many uses, hence, it occupies a unique position in the socio-economic structure of India and it is intimately related to the prosperity of a vast multitude of small and marginal farmers especially along the coastal states of this country (Mandal et.al, 2011) . Kerala was considered for this study because it contributes around 37% of the total coconut areas of India. According to statistics Kozhikode district has largest area around 16% share of total area in Kerala followed by Thrissur, Malappuram, Kannur, Thiruvananthapuram, Kollam, Kasaragod and Alappuzha which in total contribute around 83.3% of total coconut area of Kerala (Horticulture Area Production Information System, HAPIS, portal). Along with coconut, banana, mango, jackfruit, cashew and spices like pepper, nutmeg and cardamom are important crops in Kerala. Hence, monitoring of all these crops is essential to understand the real production and yield of these crops.
The modern tool of remote sensing is a better option to understand the trend of growth of all these crops, as it has a capability to provide real-time data with synoptic and repetitive coverage, which gives significant advantage over traditional methods (Parthasarthy et.al. 2003) . Many remote sensing-based studies have been carried out for monitoring coconut plantation. Geo Eye (41cm) of March 2012-June 2014 was used to map coconut-growing areas in Tamil Nadu and Google Earth was used as reference (Kannan et.al. 2017) . In one study, LISS III (23.5m spatial resolution) March image was used to identify coconut plantations in Kasaragod district Kerala (Parthasarthy et al., 2003) . Coconut has a distinct tone (lighter red to pinkish) and can be easily separated using maximum likelihood classification from other crops like rubber, cashew etc. Landsat ETM+ was used to identify Sago palms in Philippines using NDVI and maximum likelihood classification with modest accuracy (Santillan et al. 2012) . Also urban tree species were mapped using very high Resolution Satellite imagery and pixel and object based classification were compared (Agarwal et.al. 2013) . Advance classification techniques may improve the mapping of coconut plantation. A study with Object based classification was used to classify the coconut plantation using Cartosat-1 PAN and LISS-IV data in Krishna district, Andhra Pradesh (Sahay et al, 2017) . Also, inventory of horticultural was prepared using high resolution with Object Oriented classification. (Hebbar et al, 2014) .
Random Forest classification is an advanced technique which is used these days for ecological mapping. A study was carried for forest classification in Victoria, Australia which evaluates the utility and performance of a Machine Learning Decision tree classification technique-Random Forest (Mellor et.al. 2012 ). This technique was also used in Tree Species Classification using High Spatial Resolution 8-Band WorldView-2 Satellite Data. Hence, it would help in identifying Coconut classification more precisely (Immitzer et al., 2012) .
This study was carried out as part of the CHAMAN (Coordinated Horticulture Assessment and Management using Geo-informatics) project, which envisages using high resolution remote sensing data for improving inventory of horticultural crops. This paper mainly describes about the classification techniques for coconut area identification in Kozhikode district.
MATERIALS AND METHODS

Study Area
The study was done for the Kozhikode district in Kerala State of India (Figure 1 ). It is located around geographical location of 11.5817°N and 75.7803°E, on the South-West coast of India. Topographically the district has three distinct regions -the sandy coastal belt, the rocky highlands formed by the hilly portions of the Western Ghats and lateritic midland. Soils of the districts are alluvial soil, laterite soil and forest loam. Alluvial soil is seen mostly along coastal plain and valley. The minimum temperature ranges between 22 and 25°C and maximum between 28.2 and 32.9 °C. The temperature reaches its peak in the month of April and attains minimum in January (Source: District Survey Report on Minor Minerals 2016, Kozhikode District). 
Data Used
High resolution Sentinel-2A MSI (10m spatial resolution) cloud free data was used for dates of 16 February 2017 and 18 December 2017. Only cloud free images were considered (. Table 1 
2.3.2
Normalized Differential Vegetation Index (NDVI) generation: NDVI calculation involves the reflectance in red and near-infrared bands of electromagnetic spectrum which is sensitive to vegetation cover, biomass, crop condition and density (Baruth et.al. 2008 ).
NDVI (Rouse et al., 1974) images were generated from the reflectance images using the equation given below:
where ρ is TOA reflectance. 
Classification:
2.3.3
Accuracy Assessment: Overall accuracy for all three methods was carried out in order to compare the outputs and find out which method was best. Reference data was taken from Google earth as coconut plantation shows star shaped canopy on the top which differentiate it from other vegetation (figure 3). 
RESULT AND DISCUSSION
Two Date NDVI Comparison
To identify the optimum bio-window for coconut, NDVI values of two date images were compared.
NDVI values comparison showed that interclass variations were more prominent in February image as forest, dense and moderately dense coconut plantations have significantly different NDVI values in February image whereas in December image all three classes have similar values (Figure 3) . Reason behind the low NDVI value of coconut canopy is due to due to low rainfall during January and February months (Ananthakrishnan et al., 1988) . It is found that the soil moisture is low during dry season and high during the rainy season (Roxy et.al. 2010) . Two dates images along with Google earth view are shown in figure 4 . 
Classification Output
To classify coconut plantation February image was used, as interclass variation was prominent at that time. After assessing accuracy for individual output, it was observed that advance classifier i.e. random forest could separate out coconut plantation from forest more clearly. Classification accuracy for each technique is given in 
Area Estimation:
Coconut Area was estimated from all the three classification techniques. It was found that percentage deviation of area estimated using Random Forest was very less from existing statistics (HAPIS portal) for Kozhikode district. Area and deviation is shown in 
